For researching travel choice behavior about different kinds of passenger-alone urban public transportation corridor, a dynamic multiple-passenger flow analysis model was proposed based on dynamic equilibrium assignment theory. Some factors which might influence passenger travel disutility were considered in the model, and they were closely related to the characteristic of passenger. And then a heuristic solution algorithm is developed to solve this model. Relying on MATLAB simulation, the model could reflect the time-space distribution of multiple-passenger flow along this corridor and gave a theoretically quantitative relationship among the passenger characteristics and departure time or path/mode choice. And some useful conclusions about travel choice behavior of different passengers were obtained finally. Compared with the actual data, the deviation of the simulation results is less than 20%, which shows the efficiency of the dynamic multiple-passenger flow analysis model clearly.
Introduction
With the economic growth and population expansion over the last few decades, a rapid urban expansion is taking place in many Asian countries as they drastically scaled up their city size, as seen in Beijing and Shanghai, China. This urban expansion contributes to an explosive increase in the transportation volume and thus worsening traffic congestion. To address this problem, the public transport corridor has been set up to include rail transit systems and auxiliary bus systems, in hopes of the rapid dispersal and streaming of passenger flows. Increasing the efficiency of urban transport systems has become a major issue for countries under expansion. Conducting a passenger streaming analysis is necessary before conducting further improvement measures.
When assigning passengers is the key, the passenger flow analysis is used to determine the spatial and temporal distributions of passengers. Numerous studies have covered the distribution and assignment of passengers, the earliest of which was conducted by Wordrop. The scientist focused on the equilibrium principle, which included the user optimum principle and the system optimum principle. These are principles commonly used for network assigning. Beckman et al. proposed an optimization balance model based on transportation users with fixed demands. Beckman's 1 model is considered one of the most basic models used to calculate passenger assignment. Dafermos investigated the asymmetric continuous traffic equilibrium network model with fixed demands. Based on the Wordrop principle, two generalized mathematical models were proposed: the Nonlinear Complementarity (NC) model and the Variational Inequality (VI) model. 2 Sheffi 3 proposed an integrated distribution/ assignment user equilibrium model, based on fixed demand. Magnanti and Perakis 4 studied the assignment of passengers in a static, asymmetric network and then developed a unifying geometric framework for solving variational inequality problems.
The models discussed above deal with only the issue of passenger distribution for a static traffic network, that is, only the spatial distribution of passengers is considered in the network. These models do not include a time dimension and are thus unable to analyze the relationship between time and passenger flow. In practice, there is a tremendous difference between the passenger distributions during different periods of time.
Therefore, the dynamic assignment of transportation users has become a concerning issues within the transportation field. The current mathematical programming models of the dynamic flow assignment are rooted in the dynamic traffic assignment (DTA) model proposed by Merchant and Nemhauser 5 (M-N model), which serves as an important basis for the dynamic assignment theory. Ho 6 presented a sufficient condition for developing an optimum solution for the M-N model. This model indicated that a global optimum is contained within a set of optimal solutions, for a specific linear program within the piecewise linear adaptation. To overcome the ''constraint qualification'' problem inherent in the M-N model, Carey 7 extended the M-N model to a nonlinear convex programming model for time-varying flows on a general congested network. By relaxing the assumption that the exogenous flows into nodes are known for all periods, Birge and Ho 8 extended a stochastic formulation to relieve the dynamic network of extreme congestion. The resulting model used flow decisions to minimize the expectation of piecewise linear, convex costs over several periods. Using a cell transmission model through a linear program, instead of travel time functions, Athanasiosk and Ziliaskopouios 9 studied the singledestination DTA problem. This cell transmission model utilized the vast array of existing approaches on the linear programming to readily solve the DTA problem.
In contrast to the static model, the dynamic assignment model is capable of replicating the network's temporal and spatial distributions of passenger flow. However, the available models do not take into account passenger attributes and traveling behaviors. This produces assignment errors between the calculated results and reality.
Given the corresponding weighted factors, Johansson et al. 10 investigated the influence of people's attitudes and personality traits on their selection of transportation modes. Domarchi et al. 11 studied the effect of attitudes, habit, and affective appraisal on university staffs' chosen modes of transportation. It was suggested that personality preferences presented a significant contribution to the model utility, which might then be used to achieve an effective reduction in car use. Choo and Mokhtrian 12 studied the role of attitude and lifestyle in influencing an individual's choice of vehicle type. The results provided a useful background to vehicle manufacturers and decision-makers of transportation policy. It is evident that the difference in the passengers' social and economic characteristics has a great impact on the choice of transportation. Thus, more attention should be directed to investigating their influence in detail.
Therefore, based on previous studies, this study makes further improvements by implementing the following: (1) include the time dimension and passengers' attributes into the existing static equilibrium model to establish a user-based DTA model. This model can be used to conduct a fine analysis on the spatial and temporal distributions of passengers in the transport corridor; (2) construct a negative utility model in terms of the departure time and transport route by considering various influencing factors to be consistent with the reality; (3) specify the application condition and scope of the model and design a heuristic algorithm; and (4) implement the proposed passenger flow model to investigate its application on the efficiency optimization of the passenger flow in the transport corridor.
Classification of passengers
There are a variety of passengers in the transportation corridor who act differently. In order to study the temporal and spatial distributions and evolution laws of the urban transport corridor, the passengers should be classified into different groups, according to their attributes.
Many effects, such as the social and economic attributes, personality preferences, and trip purposes, are presented in previous studies. Based on the questionnaire results (700 surveys of rail transit and 300 surveys of buses) and quantitative statistics, the type of job, level of income, and purpose of travel are adopted in this study as the criteria for the classification of passengers. These parameters have great impact on the departure time, mode selection, and so on. First, passenger occupations determine the necessity of the demand for stable and consistent travel time. For example, a passenger with a regular job has a higher requirement for a stable travel time than those with a freelance job. Second, the passenger incomes determine the affordability of transportation fares. In general, low-income passengers are far more sensitive to the fare than high-income passengers. Third, the passenger travel purposes affect the sensitivity toward time stability, comfort, and so on. The survey results show that the commuters always care about travel time stability, while the tourist-based and shopping-based passengers place riding comfort as a priority. Based on this analysis, passengers can be classified into three groups: blue-collar workers, white-collar officers, and individual traders.
From the result of the questionnaire survey, the vast majority of passengers are commuters in the transport corridor during the peak hour, which corresponds to the statistical results of passenger volume in Shanghai. As a result, the research would focus on the time-space distribution of the commuters. And occupation would be the criterion of passenger classification. In addition, the methods of passenger classification are various, which are decided by the actual situation or research purpose. For example, if trip purpose is the research point, the passengers could be divided into commuter, student, shopper, and so on. In this case, how to classify the passenger would depend on research subject. In addition, questionnaire is useful in demonstrating the correctness of passenger classification.
Establishment of the model
Before the establishment of the traffic assignment model, it is necessary to clarify two basic concepts: the transport route and the transport route segment. The ''transport route'' stands for the transportation path from the starting point to the destination, consisting of a series of station points. The ''transport route segment'' denotes the path between any two consecutive points on the transport route, that is, the transport route is composed of a number of route segments.
Assumptions of the model
1. The whole time domain ½0, T is divided into a series of equal time intervals t 2 f0, t 1 , t 2 , . . . , t n g, which meet n Á (t n À t nÀ1 ) = T where (t n À t nÀ1 ) represents the length of the time interval and n is the number of time intervals. An infinitely large T is defined so that all the passengers can finish their travel in the time period ½0, T. 2. Assume that the passengers will pre-determine their departure time, that is, they select the departure time before they travel. This assumption has been adopted by many other studies, for example, Lam et al. 13 and Li et al. 14 3. The rail transit operates according to schedule and passes the real stations. The travel time and waiting time are assumed to be constant. It is also assumed that uncertainty exists in the conventional bus system due to the influence of road traffic environment.
Selection of departure time
The multinomial Logit model has been widely used to study the travel behavior of passengers. 15 This article employs this model to study the decision-making strategy for the departure time as
where T is the possible travel period of time, R is the set of starting points, S is the set of destination points, M is the set of passenger types, q m rs (t) is the quantity of passengers of the m-type at a departure time of t between any origin-destination (O/D) pair of nodes in the network, q m rs is the total m-type passenger volume between any O/D pair, and l m is the familiarity of m-type passengers to the transport route and perception level of negative utility.
This article focuses on the influence of the difference between the actual and expected arrival times (early or late) on the selection of passengers' departure times. A negative utility model is proposed based on this departure time strategy
Let f m l (T s + T w + t(t)) denote the loss due to the error of m-type passengers during the period T s + T w + t(t), T s be the travel time, and T w be the waiting time. The negative utility function due to the error can be given as
where p m is the punishment datum quantity per unit time (early/later) for the m-type passengers; t * is the exact working hour; ½t Ã À D 
Selection of transport route
As for the transport route selection for various passengers, a stochastic user equilibrium traffic assignment theory is used in this article. The Probit model is employed to create the route selection model.
1. When there are two routes to select, the Probit model can be written as
2. For more than two routes, the route selection model can be extended to
and 
where L is the set of route segments, x m a is the volume of m-type passengers on route a, y m l is the total passenger volume on route segment l, and u la = 1 is taken when segment l is on route a, otherwise u la = 0.
This article investigates the influence of the travel time, waiting time, congestion, and fare on passengers' selection of transport routes. The negative utility model based on route selections can be established as
where Z is the degree of congestion in the carriage, P is the ticket fare, and x m , g m are the sensitivity coefficient of m-type passengers to the congestion and fare, respectively. To facilitate the calculation, the negative utility is transformed in the time dimension with m 2 as the time-cost transformation coefficient; a, b, g, h are the weighted parameters of the four influencing factors, respectively.
Degree of congestion
Based on the studies by Wu et al. 16 and Lo et al., 17 the in-vehicle degree of congestion depends on the headway and passenger volume. In this case, the degree of congestion is calculated by the Bureau of Public Roads (BPR) function and is expressed in terms of time as
where V is the set of all transport modes in the corridor; Z v l is the degree of congestion on route segment l for the v-type transport; z v is the reference quantity of congestion for the v-type transport; y v l is the passenger volume on route segment l for the v-type transport; y v l is the passenger volume passing through route segment l for the v-type transport; K v is the total passenger volume for the v-type transport where
Travel time
The travel time T s in this study is the sum of the running time T s1 and dwell time T s2 , that is, T s = T s1 + T s2 . For the rail transit, the running time and dwell time of transports are determined by referring to the related timetable. In contrast, there exists uncertainty in the determination of the running and dwell time in the conventional bus transport system 
T s1 = E T s1
ð Þ+ f j s1 ð Þ ð13Þ
where E(T s1 )j s1 and E(T s2 )j s2 are the mean and variance of T s1 and T s2 , respectively; f (j s1 ) and f (j s2 ) are the functions to judge the unreliability of the service level.
Waiting time
The average waiting time per station consists of two components: waiting time for normal vehicle arrival and delay time due to over-large passenger volume. Similar to the study by De Cea and Fernandez 18 and Lo et al., 19 the negative utility model of waiting time can be given by the BPR function as
where T wl is the average waiting time at a certain station for a v-type transportation; T is the time domain; and l, d 2 , r 2 are the non-negative calibration parameters.
Solution of the model
This section presents a heuristic algorithm to solve the traffic assignment model. The whole solution process can be divided into two sub-problems: the selection of departure time and the selection of transport route. The method of successive averages (MSA) can be used to solve these two issues through the process detailed below:
Step 1. Initialization-classify all the passengers according to their attributes for all O/D pairs.
Step 2. Let i = 1 and set the initial passenger volume on different periods of time and O/D pairs fq Step 3. Start to iteratively select the transport route for each types of passengers.
Step 3.1.
(1) According to the arrangement and operation of all the transport modes in the corridor, determine the effective route for all O/D pairs. According to equations (6) and (7), calculate the initial passenger volume on each route by adding the initial passenger volume to the effective routes. (6) and (7).
Step
4.
If the convergence criterion
)) e is met, stop iteration and the m-type passenger volume on all the effective routes for certain O/D pair in a certain period is obtained and then implement Step 5; otherwise, let i = i + 1 and go back to Step 2.1.
Step 5. After the selection of transport routes, calculate the negative utility for a given departure time for all O/D pairs and substitute it into equation (1) to obtain the additional passenger volume d (2) it is not allowed to take the same route twice for a single trip.
Case study
Taking the Shanghai public transportation corridor (including rail transit Line 2 and bus lines along the route), a case study is conducted in this section to verify the proposed traffic assignment model and the efficiency of the proposed algorithm in section ''Solution of the model.''
Summary of corridor region
The rail transit Line 2 in Shanghai has an overall length of 60 km and a total of 30 stations. It connects the several transportation hubs such as airports and highspeed railway stations. Meanwhile, there are many conventional bus routes along transit Line 2. The number of collinear bus lines in the middle, west, and east parts of the lines are 7, 4, and 2, respectively.
The study chooses a time period of 7:30 a.m. to 9:00 a.m. This period is divided into six segments in an interval of 15 min. It presumes that the commuters' working time is 8:30 a.m. The following assumptions are taken: (1) the bus lines in the middle, west, and east parts of transit Line 2 are represented by bus lines 1, 2, and 3, respectively. (The number of bus lines is indirectly accounted according to the departure frequency. However, the arrangement of bus stops is identical to the reality. Each rail station or bus stop is an O/D point.) (2) Some bus stations along rail Line 2 are close to the rail station. In this case, the rail station and bus station within 5-min walking distance are combined into one O/D point, as depicted in Figure 2 .
Setup of input parameters
The model parameters are taken as follows: the passenger's expectation variables are taken as l m = 0:8 (according to the familiarity of commuter flow to the travel environment); non-negative corrected parameter h = 0:5; the reference quantity of congestion for rail Line 2 and three bus lines are z R = 0:2, z B1 = 0:15, z B2 = 0:2, and z B3 = 0:15, respectively (according to the practical degree of congestion). The non-negative calibration parameters are taken as d 1 = 0:15, a 1 = 3:0 and d 2 = 0:15, a 2 = 3:0, respectively. The ratios of blue-collar workers, white-collar officers, and individual traders are 50%, 40%, and 10%, respectively. The attribute-related parameters of passengers from questionnaire are listed in Table 1 
Results output and analysis
The MATLAB software is used in this study to derive the optimum solution of the proposed model. Figure 3 shows the variation in the solution error against the number of iterations. It can be seen that as the number of iteration increases, the error of results reduces. After many times of iteration, the error is confined within an acceptable level of 0.001. The results are discussed in detail below:
1. The passengers' selection of departure time is first analyzed. Figure 4 shows the distribution of the departure time for O/D (7-11). It can be seen that (1) the vast majority of passengers will choose a certain departure time before their working time. The occurrence of the maximum passengers is defined as the departure peak hour (the longer the transportation distance, the earlier the peak hour, and in practice, the peak hour is substantially ahead of the working hour); (2) the departure time varies with types of passengers. Given the same transportation distance, the peak hour of the blue-collar workers is the earliest, followed by that of the white-collar officers. The individual traders show no obvious rush hour. This difference can be attributed to the fact that the economic level and job attributes have great influence on the selection of transportation modes and cognition value of time.
From the above analysis, the passenger flow analysis model is able to accurately predict the time domain characteristics of passengers in the public transportation corridor. In contrast to static models, the dynamic model can effectively determine the peak hour. The passenger flow analysis based on passengers with multiple attributes can reflect their different selection of the departure time.
2. Second, the selection of transportation modes during the peak hour is discussed in this section. The case of O/D (7-11) is considered here. The results are shown in Table 2 . It can be seen that (1) most of the passengers choose the rail transit as the unique type of transportation, while a minority of passengers select buses. The selection of transfer between two different transportation modes is negligible, and this indicates that the mode transfer has a significant effect on the selection of transportation vehicles. (2) The passenger's selection of transports depends on the travel distance. The results show that the longer the distance, the more passengers choose the rail transit. Compared to the bus transport, the rail transit is faster and meets schedule demands. This advantage plays an important role as the distance increases. (3) The selection of transportation modes is also affected by the type of passengers. A lower percentage of bluecollar workers select the rail transit but higher percentage for bus than the white-collar officers. This is because the former has to make a balance between the travel time and fare and thus tends to select bus within a certain distance. In contrast, the latter prefers the time efficiency to the economy and takes the rail transit as the first choice. The individual traders show a balance who are not sensitive to both the two factors, and their selection is flexible.
It proves that the passenger flow analysis model is able to accurately predict the passengers' selection of transportation modes in the public transportation corridor. This indicates that the consideration of the negative utility agrees well with reality. Meanwhile, by the classification of passengers, the difference in the selection of transportation modes caused by different types of passengers can be reflected.
3. Finally, the travel behavior of passengers for O/ D (9-11) during 7:30-8:15 a.m. is listed in Table  3 . It can be seen that the passenger attributes have a great impact on the transportation selection. The more departure time approaching the working time, the larger percentage of bluecollar workers and while-collar officers select rail transit. The individual traders experience an opposite trend. This is because the former two groups prioritize punctuality, that is, the latter groups depart and a higher demand for stability of vehicle is needed. The latter would select a more comfortable transportation mode rather than a more stable one.
It makes sense to consider passenger attributes in the analysis of assignment of the passenger flow. Meanwhile, dynamic analysis model is capable of predicting the temporal and spatial distributions of passengers.
Improvement measures and effects
The results from the above case study demonstrate that the traffic loadings of the public transportation corridor in Shanghai are extremely large during the peak hour. The utilization of different transportation modes is highly skewed. Passenger attributes have a direct influence on their travel behavior. Therefore, management efforts should be taken to effectively alleviate the problem. First, the adjustment of the working time for different types of passengers will avoid the peak hour. Second, the adjustment of the ticket fare may, in part, affect the users' selection of transportation vehicles. In this case, the working time of white-collar officers is delayed to 8:45 a.m., keeping the others the same. Meanwhile, the ticket fare of the rail transit increases by 10% and the fare of the bus is reduced by 10%. Taking the O/D (7-11), for example, the distribution of the passenger flow is shown in Figure 5 and Table 4 . It can be seen that (1) the variation in passenger flow becomes smooth after the adjustment with a reduction in the passenger flow of 24% during the peak hour. It greatly relieves the traffic burden of the transportation corridor. (2) After the adjustment, passengers adjust and take buses, especially in regard to the blue-collar workers. It allows for a more even utilization of the rail transit system and bus system.
Conclusion and further work
1. Based on the stochastic user equilibrium theory, a DTA model of urban public transportation corridor is established based on the classification of passengers. The proposed model embeds the time variable and passengers' attributes into the static equilibrium model. The model is used to represent the selection of passengers at the departure times and on the transportation routes. The application condition and scope of the model are specified through the basic assumptions made. The solution algorithm is then proposed. 2. A case study is conducted to verify the application of the proposed traffic assignment model. It is evident that the dynamic model is capable of predicting the preferences of passengers in the selection of vehicles. In addition, the model can show the variety of travel behavior of various types of passengers. 3. Not only can the model deal with the temporal and spatial distribution of the passenger flow but it can also simulate and estimate improvement measures and their effects. This is due to the consideration of the time-varying effect and passenger classification. Therefore, the model provides an effective tool to study the function optimization and efficiency enhancement facing the urban transportation corridor. 4. The model proposed in this article is available for simply describing the temporal and spatial distributions of passengers. Further work is underway to make extensions. The extensions will include the effect of the negative utility or the refinement of passenger classification, not only from their occupation but also from their personality and preferences.
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